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356a Monday, February 17, 2014in vitro, and dramatically extends survival and limits infiltration in vivo. This is
the first direct evidence that manipulation of mechanotransductive signaling
can alter the tumor-initiating capacity of brain TICs, supporting further explo-
ration of these signals as potential therapeutic targets.
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Actomyosin stress fibers (SFs) enable cells to exert traction on planar extracel-
lular matrices (ECMs) by tensing focal adhesions (FAs) at the cell-ECM inter-
face. While it is widely appreciated that the spatiotemporal distribution of these
tensile forces play key roles in polarity, motility, fate choice, and other defining
cell behaviors, virtually nothing is known about how an individual SF quanti-
tatively contributes to tensile loads borne by specific molecules within associ-
ated FAs. We address this key open question by using femtosecond laser
ablation to sever single SFs in cells while tracking tension across vinculin using
a fluorescence resonance energy transfer (FRET) -based molecular optical
sensor. We show that disruption of a single SF reduces tension across vinculin
in FAs located throughout the cell, with enriched vinculin tension reduction in
FAs oriented parallel to the targeted SF. Remarkably, however, some subpop-
ulations of FAs exhibit enhanced vinculin tension upon SF irradiation and un-
dergo dramatic, unexpected transitions between tension-enhanced and tension-
reduced states. These changes depend strongly on the location of the severed
SF, consistent with our earlier finding that different SF pools are regulated
by distinct myosin activators. To unify these findings, we present a structural
model in which central SFs are more interconnected and mutually reinforced
than peripheral SFs due in part to the presence of transverse actomyosin struc-
tures that link central SFs into a cohesive network. Tension released upon
compromise of a central SF is thus broadly redistributed to other stress fibers
and focal adhesions, resulting in cell shape stabilization. These studies repre-
sent the most direct and high-resolution intracellular measurements of SF con-
tributions to tension on specific FA proteins to date and offer a new paradigm
for investigating regulation of adhesive complexes by cytoskeletal force.
(Chang and Kumar, J Cell Sci 2013)
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Hypertension and aging are both recognized to increase aortic stiffness, but the
underlying mechanisms are not completely understood. Most prior studies have
attributed increased aortic stiffness to mechanical changes within the extracel-
lular matrix proteins of the aortic wall. Alternatively, we hypothesize that a sig-
nificant component of increased vascular stiffness in hypertension is also due to
changes in the mechanical properties of vascular smooth muscle cells
(VSMCs), and that the contribution of this mechanism is augmented during hy-
pertensive aging. Accordingly, we studied aortic stiffness in young (16wks) and
old (64wks) spontaneously hypertensive rats (SHR) and Wistar-Kyoto (WKY)
wild-type controls. Systolic aortic pressure, measured by Millar micromanom-
eter catheter, was significantly increased in the old compared to young SHR
(19158 mmHg vs 15756 mmHg, p < 0.01), but not in WKY (old, 10956
mmHg vs young, 10256 mmHg). Excised aortic ring segments were subjected
to physiological levels of mechanical stretch ex vivo, and the wall stress within
these ring segments, as well as their tangential elastic moduli, were greater in
SHR vsWKY (p< 0.05). VSMCswere isolated from the thoracic aorta, and the
elastic stiffness of individual VSMCs was measured by an atomic force micro-
scopy nano-indentation technique. Hypertension increased VSMC stiffness
more, p < 0.05, in young SHR (2654 kPa) compared to young WKY
(1452 kPa). Aging also increased VSMC stiffness, p < 0.05, in old versus
young SHR. Importantly, the increase in VSMC stiffness in young SHR versus
young WKY (92515%) was less, p < 0.05, than that observed between old
SHR versus old WKY (13152%). Our findings that the mechanical properties
of VSMCs are sensitive to hypertension, and also to aging, suggests this as a
novel mechanism for increased aortic stiffness that occurs with hypertension
and aging. (NIH 5R01HL102472-SFV and NIH PO1-HL-095486-GAM)1798-Pos Board B528
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Changing shape is changing structure. Deciphering the mechanical contribu-
tion of the structural elements of the cells in shape changes is thus crucial
to link the mechanical control of growth with development. Many measure-
ments on plant and animal cells rather stress the differences in mechanical
properties between both kingdoms. However, this conclusion relies on inde-
pendent measurements, with very different set-ups and tissues, thus impairing
any quantitative comparison. Here we took advantage of a previously
described micro-rheometer to compare animal and plant single cell rheology
with the same set-up. Using this method, we were able to quantitatively assess
the dominant elastic behavior of plant cells in different conditions, and
compare it with the viscoelastic behavior of animal cells. Surprisingly, we
found that wall-less plant cells exhibit the same rheology as animal cells.
This suggests that, despite the main structural differences between animal
and plant cells, they also share a common mechanical core. Further investiga-
tions revealed that microtubules were the main responsible for the rheological
behavior of wall-less plant cells whereas the mechanical properties of animal
cells were mainly dependent on the actin network. Thus, wall-less plant cells
and animal cells may have developed different strategies to converge to the
same mechanical behavior.
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As part of their physiological functions, most cells need to respond to mechan-
ical stimuli such as deformations, forces, and stiffness of the extracellular ma-
trix. In particular, cells cultured on elastic substrates with a rigidity gradient
align their shape, their cytoskeletal structures and their traction forces along
the direction of highest stiffness.
In order to identify the role of actomyosin-based contractility in rigidity
sensing, we developed a single cell technique allowing us to measure the trac-
tion force as well as the speed of shortening of isolated cells deflecting micro-
plates (i.e. springs) of variable stiffness. We will show that the mechanical
power (energy per unit time) invested by the cell to bend the microplates
was adapted to stiffness, and reflected the force-dependent kinetics of myosin
binding to actin (Hill law of muscle contraction)1. We will also present a unique
force-measurement protocol allowing us to change the effective stiffness felt by
a single cell in real time (~0.1 second). This technique revealed that cell
contractility was instantaneously adapted to the change in stiffness2.
Such an instantaneous response could hardly be explained by chemical trans-
duction pathways. It would rather suggest that early cell response to stiffness
could be purely mechanical in nature. This mechanical adaptation may translate
anisotropy in substrate rigidity into anisotropy in cytoskeletal tension, and
could thus coordinate local activity of adhesion complexes and guide cell
migration along rigidity gradients.
[1] Mitrosslis et al., ‘‘Single-cell response to stiffness exhibits muscle-like
behavior’’, PNAS, 106, 43, 2009.
[2] Mitrosslis et al., ‘‘Real-time single-cell response to stiffness’’, PNAS, 107,
38, 2010.
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The cytoskeleton plays a central role in transmitting and generating mechan-
ical forces through the cell. It is composed of three interconnected networks,
actin, microtubules and intermediate filaments (IF). Desmin belongs to the
type III IF, specifically expressed in muscles. Desmin is essential to maintain
the integrity and functioning of muscles. More than fifty mutations have been
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MyoFibrillar Myopathy group (MFM). These pathologies are mainly charac-
terized by aggregates formation in muscle tissue, associated with misorgani-
zations of the contractile apparatus. Moreover patients progressively develop
muscle weakness. Currently, pathophysiology and molecular defects of
MFMs remain largely unknown, and no treatments are available.
In this context, the aim of our study is to clarify whether desmin mutations
implicated in MFMs plays a role at early stage of expression, by impairing
the properties of pre-muscular cells, the myoblasts. First we have studied the
formation of desmin aggregates in living myoblasts over-expressing for 24h
wild-type (WT) or different mutant desmins. We show that each mutant has
a specific impact on the desmin network organization. Second we have per-
formed mechanical measurements on C2C12 cells, focusing on the E413K
mutant, which induces a large desmin network disorganization associated
with important aggregate formation: we have compared the mechanical prop-
erties of WT-cells, C2C12 over-expressing desmin-WT-GFP and C2C12 over-
expressing mutated desmin E413K-GFP. Visco-elastic properties of cells have
been evaluated by using two custom-made set-ups, optical tweezers and a
single-cell rheometer: we show that the 3 cells types share the same visco-
elastic behaviour. Finally, we have investigated the impact of mutated desmin
on the contractility of myoblasts, and we demonstrate that E413K-mutation
significantly decreases cell contraction abilities specifically for cells with des-
min aggregates, while aggregates of WT-desmin do no induce the same effect.
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Living cells adapt and respond actively to the mechanical properties of their
environment. In addition to biochemical mechanotransduction, evidence exists
for a purely mechanical sensitivity to the stiffness of the surroundings at the
cell-scale. We show that the mechanosensitive response of cells spreading be-
tween distant elastic microplates is entirely and quantitatively predicted by the
behaviour of the actomyosin cortex as a contractile viscoelastic fluid. Indeed,
such a liquid exhibits elastic-like properties when in series with a spring, and
has thus the intrinsic feature of adapting instantaneously its loading rate to the
stiffness of its environment. The maintenance of a given shape for such a ma-
terial results from a balance between actin polymerisation and a cell-scale
contractility-driven retrograde flow. The energetic cost of these antagonistic
phenomena yields a power curve of cell action against a load similar to Hill’s
law for muscles: in particular, an internal friction sets the maximum speed of
contraction of both cells and muscles,
when myosins don’t have time to detach
after pulling, just as rowers lifting their
oar too slowly after their stroke. The figure
below illustrates this comparison with
muscles.1802-Pos Board B532
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Collective cell migration is at play in many well documented in vivo processes
for example, wound re-epithelialization, cancer metastasis and dorsal closure.
We present a study describing the effect of out of plane curvature on the col-
lective properties of epithelial tissue. Microfabricated environments are used
to deconstruct a monolayer’s response to geometry. Specifically, fibers with
a radius of curvature between 1um-100um are populated with MDCK cells, a
model epithelial, kidney-derived, cell line. Migration dynamics as well as
cell architecture are quantified and the effects of curvature compared with
confinement alone. Large curvatures trigger specific cellular behaviors and or-
ganization that may shed light on tubulogenesis.
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The molecular clutch model proposes that the actin motile machinery generated
inside cells is coupled to adhesion at the cell membrane, thus generating forceson the substrate and allowing cells to move forward. Many reports have pro-
vided evidence for clutch-like behaviors in different cell types and adhesive
systems, including integrins and cadherins (Giannone et al., Trends Cell Biol
2009). However, the exact mechanisms underlying the dynamic molecular
coupling between the actin retrograde flow and adhesion proteins remain
elusive. We previously inferred using optical tweezers that a molecular clutch
between the actin flow and N-cadherin adhesions could drive growth cone
migration (Bard et al., J Neurosci 2008), but did not achieve a direct visualiza-
tion of the engagement process. Here, to trigger N-cadherin homophilic adhe-
sions at specific locations, we cultured primary neurons on micropatterned
substrates comprising arrays of dots coated with purified N-cadherin, sur-
rounded by a cytophobic background. We then tracked the trajectories of single
adhesion and cytoskeletal molecules fused with photo-convertible fluorescent
proteins (mEOS2), at the ventral surface of growth cones. N-cadherin and a-
catenin were immobilized, while the actin retrograde flow was significantly
reduced at N-cadherin coated micro-patterns, compared to non-adhesive re-
gions. Normal actin flow on micro-patterns was restored by expression of a
dominant negative N-cadherin construct inhibiting the coupling between
endogenous N-cadherin and actin, demonstrating specificity of the process.
Strikingly, individual actin trajectories exhibited pauses of the order of seconds
selectively on N-cadherin-coated micro-patterns. Thus, at the individual molec-
ular level, clutch engagement is characterized by transient interactions between
flowing actin filaments and the immobilized N-cadherin/catenin complex. To
our knowledge, this study represents the first direct demonstration of the
intrinsic molecular coupling underlying the clutch process in growth cone
locomotion.
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Mechanosensing is fundamental to numerous cellular functions, and myosin II
is a core component of this mechanosensory machinery. Given the importance
of successful cell division for maintaining genomic integrity, we reasoned that
myosin II-mediated mechanosensing would be a significant factor in ensuring
successful cytokinesis. We found that dividing cells are exquisitely sensitive
to mechanical stress inputs, relocating myosin II to sites of the externally
imposed stress. This system has the hallmark of a soft mechanical check-
point, slowing cytokinesis until the deformation is corrected. The myosin
II-based mechanosensing is performed by a three-part sensor, including force
amplification through the myosin II lever arm, myosin bipolar thick filament
(BTF) assembly, and actin filament anchoring by cortexillin I. Multi-scale
modeling demonstrates how myosin II force-sensing and cooperative actin-
binding couples to BTF assembly and quantitatively accounts for the amounts
and kinetics of myosin mechanosensitive accumulation. Furthermore, forces
are shared between myosin and different actin crosslinkers with myosin hav-
ing potentiating or inhibitory effects on certain crosslinkers. Additionally,
different types of cell deformations elicit distinct responses: myosin and a-ac-
tinin respond to dilation while filamin mainly reacts to shear. This myosin II-
based mechanosensory system is part of a larger control system that tunes
myosin accumulation at the cleavage furrow under diverse mechanical con-
straints. In this context, cortexillin I not only anchors the actin filaments,
but also links to signal transduction proteins. These signaling proteins,
including IQGAPs and the chromosomal passenger complex proteins, rein-
force ’normal’ signals that emanate from the mitotic spindle to direct myosin
II accumulation. Overall, this control system demonstrates how mechanical
inputs can be converted to signaling outputs in a manner analogous to chem-
ical signal transduction.
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The mechanics of the cytoskeleton are determined largely by actin, microtu-
bules, and intermediate filaments. In vitro, composite actin/microtubule net-
works and actin/myosin networks have revealed unexpected emergent
features, suggesting that cytoskeletal mechanical behavior is greater than the
sum of its parts.
Here, we construct in vitro composite networks of actin and the intermediate
filament vimentin, and study the composite network mechanics using bulk
rheology. When using biotin-neutravidin as an actin crosslinker, we find that
